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PROBLEM TO BE SOLVED: To provide magnetron type 
sputtering electrode magnetic field coordination capable 
of assuring erosion over the entire surface of a target by 
improving the consumption efficiency of the target, and 
further, decreasing the defects of the films formed on a 
substrate with this magnetron type sputtering electrode 
magnetic field coordination. 

SOLUTION: The magnetic field coordination is formed 
between the target 1 of a magnetron type sputtering 
electrode and the substrate to be formed with the 
sputtered films by a magnet arranged on the rear surface 
of the target 1 . The coordination of the magnetic lines of 
force by the magnet has a null point 4 between the 
substrate to be formed with the sputtered films and the 
target. The separatrices 5 passing this null point 4 form domes on the target 1 . 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrode field coordination in the magnetron mold 

sputtering system for forming a thin film on a substrate, and its magnetic circuit. 

[0002] 

[Description of the Prior Art] The field coordination of the magnetron mold spatter electrode used 
former best is shown in drawing 10 about an axial symmetry mold. It is what arranged the permanent 
magnet 22 on axial symmetry at the tooth back of a target 21, and the field where the line of magnetic 
force 23 which gushes from a target draws the shape of radii, and sediments at a target is formed. The 
electron in the spatter discharge plasma on this circular line of magnetic force collides with a target front 
face, generates a secondary electron, and is point Bl Fl. It goes and comes back to between (and point 
B-2 F2 between), a secondary electron is generated further, and it increases cumulatively, and the 
plasma is shut up inside circular line of magnetic force, and the plasma of high density is formed near 
the point Al (and A2). Compared with the parallel plate mold two pole sputtering technique which 
spatter effectiveness increases and does not use a field by this high density plasma, a spatter with a high 
membrane formation rate is possible. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the case of drawing 10 , it is going on 
intensively near the point Al (and A2) locally [ the fault of this magnetron mold spatter electrode / the 
erosion on the front face of a target ]. When spatter membrane formation of the insulating material is 
carried out by the reactant sputtering technique which carries out the spatter of the insulating material 
target by high frequency discharge especially, or uses a conductive target by direct current discharge, the 
field ( drawing 10 ~ the inner circumference section OC 1 — ) to which erosion does not go on a target 
front face OC2 And the periphery sections [ D / D and / two E2 ] one El In a field, a spatter generation 
insulating material may adhere, the raising dust by this exfoliation piece may occur [ when that 
deposition film becomes thick, exfoliation of the film may take place, or ] further, and a defect may be 
brought to the generation film on a substrate. Moreover, near the boundary of the conductive field where 
erosion advances on a conductive target front face, and the deposition field where adhesion of a spatter 
generation insulating material advances, it becomes a lifting and the cause of arcing which becomes 
empty about dielectric breakdown, and this becomes the cause which causes a pinhole defect in a 
membrane formation substrate. Moreover, naturally localization of an erosion field also reduces the 
consumption effectiveness of a target. 
[0004] 

[Means for Solving the Problem] this invention person etc. came to complete this invention, as a result 
of repeating examination wholeheartedly in view of the above-mentioned trouble. Namely, this 
invention is set to the field coordination formed between this target and a spatter membrane formation 
substrate with the magnet arranged at the target tooth back of a magnetron mold spatter electrode. Line- 
of-magnetic-force coordination with this magnet has a null point between a spatter membrane formation 
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substrate and a target. Magnetron mold spatter electrode field coordination characterized by 
SEPARATO Rix which passes along this null point coming to form a dome on a target is made into a 
summary. Moreover, two or more permanent magnets of the sector trichotomized by the part from 
which the magnetization direction differs towards a pars basilaris ossis occipitalis from top-most 
vertices, or a triangle are combined. Consider as the shape of a circle configuration or a polygon, and the 
magnetization direction for an inner circumference flank is turned in the direction of top-most vertices 
among the above-mentioned trichotomy. The magnetization direction for a periphery flank is turned in 
the direction of a periphery, and the magnetization direction for an inside periphery is turned in the 
direction of a target, or let the magnetic circuit for forming the above-mentioned field coordination 
characterized by making it come to be reversed of all the aforementioned magnetization directions be a 
summary. Here, it is also called the Kurama point in the singular point of field coordination when 
magnetic field strength serves as zero as it is indicated in 4 of drawing 1 as a null point. Moreover, 
SEPARATO Rix is line of magnetic force which passes along this singular point as shown in 5 of 
drawing 1 . 

[0005] Below, this is explained further in full detail. In order to solve the above-mentioned technical 
problem, it is necessary to analyze the behavior in the inside of the electron under spatter discharge, and 
the field of ion first. Since electronic kinetic-energy Te is usually several eV, if it considers as Te=3eV 
and B= 100 gauss of fields Electronic cyclotron angular frequency omegac =1.76x109 sec-1 Thermal 
velocity v= 1.03x1 06 m/sec Larmor radius It is set to rho= 0.59mm and Larmor radius is 1mm or less. 
Although kinetic-energy Ti of Ar ion in neutral Ar gas and thermal equilibrium is l/40eV or less at the 
room temperature of 300 degrees K, if accelerated towards a target, it will amount to 500-1000eV of 
target applied voltage, therefore — the place which entered into the discharge plasma from the sheath 
near the target front face (thickness is l-2mm) — Ti= - the number of Ti= from several eV - it is 
distributed over lOOeV. If Field B is made into 100 gauss as well as the above Ion cyclotron angular 
frequency At omegac =2.39x104 sec-1 Ti=l / the time of 40eV Thermal velocity v=3. 52x102 m/sec 
Larmor radius At the time of rho=15mmTi=100eV Thermal velocity v=2.19xl04 m/sec It becomes rho= 
914mm of Larmor radii, and Larmor radius is set to about 1cm - lm. A motion of an electron is 
restrained by the plasma of a spatter by line of magnetic force from this, and only the direction of line of 
magnetic force can be moved. On the other hand, since Larmor radius of ion is equipment size, it can be 
considered that the effect of a field is what is not received. 

[0006] When line of magnetic force becomes circular on a target front face, it gushes from a target and it 
sediments at a target, the electron on this line of magnetic force carries out the bounce of between a 
gushing point and sedimenting points, doubles secondary electron, and draws ion in this field for charge 
neutralization, the high density plasma is formed, and erosion advances in the target field under it. On 
the other hand, in the field ( drawing 10 field of the inner circumference sections [ OC / OC and / 2 ] 1 
and the periphery sections [ D / D and / two E2 ] one El) in which line of magnetic force does not return 
to a target, but is released, there is such no secondary electron redoubling effectiveness, the plasma does 
not become high density, but the rate of sedimentation exceeds it and it serves as a spatter product 
adhesion field from an erosion rate. Although there is also a method of taking erosion over the whole 
target surface as a tooth-back magnet is arranged asymmetrically, and is rotated to a medial axis and it 
exceeds the rate of sedimentation for an erosion rate with a revolution time average, magnet 
arrangement is complicated and the motor of a magnet revolution is still more nearly required of this 
approach. 

[0007] This invention tends to control adhesion of a spatter product, without also performing a magnet 
revolution by simple magnet arrangement, and tends to secure erosion over the whole target surface. 
What is necessary is to make those all sediment to a target, if line of magnetic force which for that 
gushes from a target is made by many [ if possible ], to stop the number of open line of magnetic force, 
and just to make the most of the description of magnetron mold original. In addition, although the 
direction of line of magnetic force determines right-handed rotation or left-handed rotation by cyclotron 
motion of a charged particle, since this is unrelated to the phenomenon of participating in a spatter, the 
source and sedimentation of line of magnetic force on a target may interchange. The polarity of all the 
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combined magnets may be reversed by the same reason. 
[0008] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained. The primary 
method which controls adhesion of a spatter product over the whole target top surface, and secures 
erosion carries out field coordination like drawing 1 , forms a null point 4, and should just form a dome 
(a slash shows) in SEPARATO Rix 5 which passes along this null point. All the line of magnetic force 
with which the description of this approach gushes from a target 1 in a dome is in the point which 
sediments at a target. According to the above-mentioned analysis, since the discharge plasma is shut up 
effectively in a dome, erosion advances efficiently over the target side whole region under a dome. 
[0009] The second approach arranges field coordination centering on the dome formed in SEPARATO 
Rix as shown in drawing 2 , arranges the annular dome of a magnetron mold conventionally to the 
exterior, and makes both domes approach as much as possible. In this case, the singularity of motion of 
the electron near the null point is used, and this is explained below. When the magnitude of Larmor 
radius is small to infinity, electronic motion is bound thoroughly [ line of magnetic force ] as mentioned 
above, but when Larmor radius is finite, motion of an electron [ / near this null point ] is complicated to 
the degree of pole. Drawing 3 is what showed the motion condition of an electron [ / near the null 
point ], although electronic motion is strictly determined by rate v (||) parallel to line of magnetic force, 
vertical rate v (**), and the include-angle phase psi with line of magnetic force, is the combination of 
these three parameters, and can escape from and come out of it in any direction of SEPARATO Rix like 
drawing 3 . That is, near the null point, an electronic orbit has clear effectiveness, this — it can fade, an 
adhesion deposition field can be lost over the whole target surface using effectiveness, and it can also 
consider as whole surface erosion. Namely, what is necessary is just to bring the location (a point El 
and E2) where the line of magnetic force which passes along the target periphery section (points Fl and 
F2) like drawing 2 sediments at a target close to the radix point (a point Dl and D2) of the above- 
mentioned dome as much as possible. Point Dl on a target Point El In between, in the case of zero, 
since the rate of sedimentation is quicker than an erosion rate, Larmor radius is a field which originally 
adheres, but In the case of the magnitude of finite, the above fades and, as for an electron, Larmor radius 
is continuously supplied by effectiveness from the dome inside through a null point. Point Dl Point El 
An erosion rate and the rate of sedimentation can be reversed in between, adhesion can be lost, and it is 
possible to secure erosion over the whole target surface. 

[0010] If an example of a magnetic circuit for acquiring the magnetron sputtering electrode field 
coordination of this invention is shown, as shown in drawing 4 (a) and (b) The rare earth magnet of a 
configuration of having considered as axial symmetry combining the triangle-like magnet 2 of 12 
division is produced. A yoke 8 is set to diameter = 150mm and thickness =10mm by iron. Diameter 
=135mm of a magnet, thickness =10mm, and a magnetic polarity In 3mm<= radius of r< 29mm, to shaft 
orientations, in the sense and 29 mm<=r<35mm, the sense and a magnet raw material consist of sense to 
the shaft-orientations target 1 side, and consist of a NdFeB system alloy outside by 35 
mm<=r<=67.5mm. The silicon target with an outer diameter [ of non-magnetic material / of 150mm ] 
and a thickness of 5mm was used for the spatter so that it might mention later. In the location distant 
from the magnet top face 8mm or more in the direction of z, it was checked that there is no effect 
divided in the shape of a triangle. 

[001 1] Next, the r-z cross section which passes along a magnet medial axis shows the result of having 
measured the radial field Br of 37x9 points, and the direction [ of z ] vertical field Bz from the magnet 
top face in the shape of a matrix in 37 points and the direction of z from -90mm to +90mm by nine 
points (z= 16, 21, 30, 35, 41, 46 and 51, and 56 or 61mm), at intervals of 5mm in the direction of radius 
r at drawing 6 , drawing 7 , and drawing 8 . When it asked for the sense of the field B in each point from 
this data and the coordination of line of magnetic force was searched for, the result shown in drawing 5 
was obtained. From drawing 5 , a null point 4 is in the location of z= 56mm on the z-axis, and 
SEPARATO Rix 5 which passes along this null point 4 is sedimenting at the target by r= 34mm by z= 
21mm of the below-mentioned target surface location (b). Moreover, the line of magnetic force passing 
through r= 75mm of peripheries of a target sediments at a target 1 among r= 35-36mm, and this location 
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(point El of drawing 2 ) is close to the degree of pole in the dome of SEPARATO Rix only by being 
separated from the point (point Dl of drawing 5 ) that SEPARATO Rix sediments, about l-2mm. In 
addition, the actual measurement of this field coordination was in agreement with a three-dimensions 
finite-element-method computer count result and fitness. 
[0012] 

[Example] Next, although the example of this invention is explained, this does not limit this invention. 
It is SiNX to a glass substrate with an example outer diameter of 86mm. A layer The outer diameter of 
150mm, When membranes are formed by the magnetron mold spatter on a boron dope silicon target 
with a thickness of 5mm, The si licon targe t (resistance = 0.008 ohm-cm) which doped Boron B to the 
magnetron mold spatter electrode is attached. An iron yoke (diameter = 150mm shown in the tooth back 
at drawing 4 , and thickness =10mm), diameter = 135mm, thickness = 10mm and a polarity In 3mm<= 
radius of r< 29mm, by the sense and 29 mm<=r<35mm to shaft orientations to the shaft-orientations 
target 1 side The sense, In 35 mm<=r<=67.5mm, the sense and a magnet raw material arrange outside 
12 magnets which consist of NdFeB system alloys, as shown in drawing. Ar and N2 Direct current 
voltage is impressed to a sink and a target for mixed gas (mixed capacity factor 1 :2) by flow rate 
50sccm, and it is SiNX on a substrate at a reactant sputtering technique. The insulator layer was formed. 
Spatter gas pressure is 9mTorr(s) and charge power was set to 4kW. In addition, a hoop direction 
revolution was not given to the above-mentioned magnet, but the spatter was performed by the quiescent 
state. 

[0013] When line-of-magnetic-force coordination was searched for from each location survey field 
coordination shown in drawing 6 -8 at this time, the result shown in drawing 5 was obtained. Under the 
present circumstances, SiNX which adheres on a target After performing spatter discharge for the 
deposition field and adhesion field of an insulator layer, the electrode was opened and visual observation 
of the adhesion field was carried out. The result is shown in drawing 9 (a) and (b). At this time, when 
the distance MT on the magnet top face M and the front face T of a target was [ the distance MS of the 
magnet top face M and Substrate S ] 56mm in 16mm in drawing 5 , adhesion of a thin insulating 
material was observed, as shown in the core of a target, and an inside periphery at drawing 9 (a). The 
core adhesion 14 was a little less than 3mm in diameter, and the inside periphery adhesion 15 was 
annular [ r= 34-36mm (width of face of 2mm) / thin / perfect ]. The radial location of this annular region 
is the point Dl that SEPARATO Rix of drawing 5 sediments, and D2. The radius of r= 34mm, the point 
El that target periphery section line of magnetic force sediments, and E2 It corresponds with the radius 
of r= 35-36mm. In this case, since it was the location which touches a null point (z= 56mm) mostly as 
the case where the locations (distance MS=56mm) of a substrate are the substrate location (a) of 
drawing 5 and a target surface location (a) shows, adhesion was selectively saw as mentioned above, 
without become whole surface erosion, because the dome of SEPARATO Rix touched the substrate in 
the summit section and a part of electron in the spatter discharge plasma had fall out to the substrate. 
[0014] In drawing 5 , distance MT on the magnet top face M and the front face T of a target is set to 
21mm. The substrate location of drawing 5 when distance MS of the magnet top face M and Substrate S 
is set to 61mm (b), As in the case of a target surface location (b) a null point (z= 56mm) is between a 
target and a substrate, and the dome of SEPARATO Rix is not influenced by the substrate and shown in 
drawing 9 (b) in this case Adhesion is not looked at at all by a core and the inside periphery, but it turns 
out that the whole surface is in an erosion condition. 

[0015] The following things were checked from this result of having controlled thoroughly adhesion of 
the generation insulating material to a target top. Namely, since all the line of magnetic force that gushes 
from a target in the dome of SEPARATO Rix which passes along a null point sediments at a target, 
Point Dl D2 of drawing 5 In a between field, the plasma is shut up efficiently. The field between the 
points (the point El of drawing 5 , and E2) which sediment at a target through a target periphery (the 
point Fl of drawing 5 , and F2), and this point, Namely, El Fl and E2 F2 Also in a between field, the 
plasma is shut up efficiently similarly and a spatter erosion rate exceeds a deposition sticking rate. In the 
field near the dome (D one El and D two E2 of drawing 5 between field) in which deposition adhesion 
is expected most, the electron orbit in a null point fades, an electron is supplied out of a dome by 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/22/06 



' JP,09-195043,A [DETAILED DESCRIPTION] 



Page 5 of 5 



effectiveness, a spatter erosion rate exceeds a deposition sticking rate also here, and it is all field Fl F2 
on a target front face after all. The spatter erosion rate exceeded the deposition sticking rate in between, 
and whole surface erosion was secured. 

[0016] Moreover, the first field coordination by this invention forms a dome like drawing 1 in 
SEPARATO Rix which passes along a null point and this point, this is set to drawing 5 , and it is a point 
Dl about a target radius. Since it is the case where it is made small, that effectiveness in a spatter is 
proved in the above-mentioned example. 
[0017] 

[Effect of the Invention] According to this invention, target consumption effectiveness is improvable by 
controlling adhesion at the target of a spatter product and securing erosion over the whole target surface. 
When carrying out spatter membrane formation of the insulating material using a conductive target 
furthermore, the defect of the substrate up generation film resulting from adhesion of the spatter 
insulator layer on a target and the pinhole defect of the generation film by generating of the arc near the 
boundary of an adhesion-on target field and an erosion field are reduction-ized, and erosion can be 
secured over the whole target surface. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Magnetron mold spatter electrode field coordination characterized by SEPARATO Rix where 
line-of-magnetic-force coordination with this magnet has a null point between a spatter membrane 
formation substrate and a target, and passes along this null point in the field coordination formed 
between this target and a spatter membrane formation substrate with the magnet arranged at the target 
tooth back of a magnetron mold spatter electrode coming to form a dome on a target. 
[Claim 2] Magnetron mold spatter electrode field coordination according to claim 1 which comes to 
sediment at a target in the location near [ in which the line of magnetic force which gushes from the 
periphery section of a target is formed in SEPARATO Rix ] the dome. 

[Claim 3] Two or more permanent magnets of the sector trichotomized by the part from which the 
magnetization direction differs towards a pars basilaris ossis occipitalis from top-most vertices, or a 
triangle are combined. Consider as the shape of a circle configuration or a polygon, and the 
magnetization direction for an inner circumference flank is turned in the direction of top-most vertices 
among the above-mentioned trichotomy. The magnetic circuit for forming the field coordination 
according to claim 1 or 2 characterized by turning the magnetization direction for a periphery flank in 
the direction of a periphery, and turning the magnetization direction for an inside periphery in the 
direction of a target, or making it come to be reversed of all the aforementioned magnetization 
directions. 



[Translation done.] 
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